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© Monitored paving system. 



© A paving system (10) is described which com- 
prises an aggregate hopper (12), a mineral filler 
hopper (14), water tank (16), an emulsion tank (18) 
and an additive tank (20). Aggregate, mineral filler, 
water, emulsion and additive are conveyed from their 
respective storage devices into a mixer (24) where 
they are mixed into paving material. A processor 
(34) is used in conjunction with a load cell (28). an 
auger tachometer (50) and flow meters (58). (62) and 
(66) to continuously monitor the relative amounts of 



aggregate mineral filler, water, emulsion and ad- 
ditives in the paving material mixture manufactured 
by system (10). A ground speed sensor (74) senses 
the speed of a vehicle (76) so that the processor 
(34) may also figure an application rate of paving 
material. Manual controls (46) may be used by an 
operator to alter the amounts of aggregate, mineral 
filler, water, emulsion or additive in the paving ma- 
terial mixture. 
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MONITORED PAVING SYSTEM 



TECHNICAL FIELD OF THE INVENTION 

This invention relates in general to the field of 
construction equipment and more particularly to an 
electronically monitored paving system. 

BACKGROUND OF THE INVENTION 

A method of creating high quality surfaces for 
roads, parking lots and other situations is through 
the use of mixed paving materials such as bitu- 
minous slurry. The manufacture of bituminous slur- 
ry, as with virtually all paving materials, requires 
the mixture of several ingredients. The quality of 
the bituminous slurry or other paving material is 
directly dependent on the relative amounts of these 
ingredients. 

Present paving systems rely on calibration 
techniques to roughly gauge the amounts of the 
various constituent parts of the paving material 
mixture. These calibration techniques do not pro- 
vide feedtjack as to the quality, consistency or 
formula of the paving material being produced as it 
is produced. 

Other present systems allow for an operator of 
the system to adjust the consistency of the paving 
material mixture at the job site based on visual 
inspection of the paving material as it is mixed. 
These systems require highly skilled operators to 
be able to judge the appropriate formula of the 
mixture and make the necessary adjustments. Fur- 
ther, the systems require constant monitoring and. 
once again, wide variances in the quality of the 
paving material may result 

One of the most important considerations in 
the operation of a paving system is the application 
rate of material. Without completing an entire batch 
of paving material, present systems do not have 
any way of measuring this application rate which is 
commonly defined as the weight of dry material 
used per unit area covered. Present systems weigh 
the amount of material at the beginning of the job 
and then reweigh the system after a batch of 
material had been spread to determine the amount 
of material applied. These systems do not give 
useful feedback during the operation of the sys- 
tems to allow for any fine adjustment to the rate of 
application during the application of a batch of 
material. Once again, a skilled operator is required 
to judge the appropriate rate of application by 
visually inspecting the application process. The ex- 
isting method gives no infomnation as to the ap- 
plication rates during the operation of the systems. 
Accordingly, a need has arisen for a paving system 
which allows for the monitoring of the consistency 



and the application rate of the paving material 
during the actual application of the materials. A 
further need has arisen for a system which incor- 
porates the constant monitoring of the amount of 

5 materials being used without the need for the use 
of an entire batch of materials to gain this infomna- 
tion. A need therefore has arisen for a continuously 
monitored system such that materials may be ad- 
ded to the system to allow for continuous opera- 

10 tion. 

SUMMARY OF THE INVENTION 

A system is provided for producing and apply- 
75 ing paving surface material while the system pro- 
ceeds over a surface to be paved. The paving 
surface material may comprise aggregate material, 
mineral filler, water, bituminous emulsion or other 
suitable binding agents and a chemical additive. 
20 The system is disposed on and is transported by a 
vehicle. The system comprises an aggregate hop- 
per for storing the aggregate material and a con- 
veyor for conveying the aggregate from the hopper 
to a mixer which mixes the aggregate with the 
25 remaining ingredients to create the paving material. 
A scale is associated with the conveyor and is 
operable to weigh the amount of aggregate ma- 
terial being conveyed from the aggregate hopper to 
the mixer. 

30 According to another embodiment of the 
present invention, systems are provided for moni- 
toring the amounts of the other ingredients as they 
are introduced into the mixer. A processor system 
receives signals from the monitoring systems and 

35 is operable to display, using a display system, the 
ratios of each of the Ingredients of the paving 
material to the amount of dry material being used 
by the system. 

According to another embodiment of the 

40 present invention, a refill system is provided such 
that the aggregate hopper and the storage systems 
for the other ingredients may be refilled during the 
operation of the paving system. 

According to still another embodiment of the 

45 present invention, the processor system is oper- 
able to keep a running total of the amount of each 
of the materials consumed during the operation of 
the system. In this manner, the system of the 
present invention is capable of continuously dis- 

50 playing an application rate during continuous op- 
eration of the system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the present 
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invention nnay be acquired by referring to the de- 
tailed description and claims when considered in 
connection with the accompanying drawings in 
which like reference numbers indicate like features 
and wherein: 

FIGURE 1 is a block diagram illustrating the 
paving system of the present invention; and 
FIGURES 2a and 2b are top and side views of 
one embodiment of the paving system of the 
present invention; and 

FIGURE 3 is a cross-sectional eievationai dia- 
gram of the belt scale system used in the pav- 
ing system of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Refening to FIGURE 1. a paving system in- 
dicated generally at 10 is shown In block diagram 
form. Paving system 10 comprises an aggregate 
hopper 12 operable to store aggregate which may 
comprise, for example, stone, slag or gravel. Sys- 
tem 10 further comprises a mineral filler hopper 14 
for storing mineral filler which may comprise, for 
example, Portland cement. System 10 further com- 
prises a water tank 16, an emulsion tank 18 and an 
additive tank 20. The water tank 16 is operable to 
store water necessary for the bituminous slunry mix 
manufactured by the system of the present inven- 
tion. The emulsion tank 18 stores the bituminous 
emulsion or or other suitable binding agent and the 
additive tank 20 stores a liquid chemical additive 
which may comprise a catalyst or inhibitor such as 
a surfactant. 

It should be understood that system 10 is 
presented herein as a bituminous slurry system 
solely for the purposes of teaching the present 
invention. The present invention is equally applica- 
ble to any paving system which requires the mix- 
ture of any number of dry or liquid components. 
For example, other embodiments of the paving 
system of the present invention could provide for 
monitoring of the production of concrete surface, 
microsurfacing. cold tar surfaces or any other sur- 
face requiring the mixture of aggregate material 
with a suitable binding agent. Accordingly, it should 
be understood that the teachings of the present 
invention could not be limited by the presentation 
of the single embodiment of the bituminous slurry 
system 10 shown in FIGURES 1 through 3. 

Referring again to FIGURE 1. the aggregate 
hopper 12 is positioned proximate a conveyor belt 
22 which conveys the aggregate and the mineral 
filler to a mixer 24. The conveyor belt comprises a 
plurality of idlers 23 which are used to support the 
conveyor belt. A single idler 26 near the discharge 
end of the conveyor belt 22 is coupled to a load 
cell 28. Load cell 28 may comprise, for example, a 
Milltronics single idler scale, which is operable to 



weigh the amount of material transported on con- 
veyor belt 12 in a region above idler wheel 26. 
Alternatively, a multiple idler scale could be used in 
place of load ceil 28 which would require a cor- 

5 responding number of idlers 26 coupled thereto. 

The conveyor belt 22 is actuated by a drive 
wheel 30 proximate the discharge end of conveyor 
belt 22. A speed sensor 32 is also coupled to 
conveyor belt 22 and transmits a signal to a pro- 

10 cesser 34 as to the speed of conveyor belt 22. 
Speed sensor 32 may comprise, for example, an 
MDSeries speed sensor manufactured by Milltron- 
ics Corporation. Load cell 28 also transmits a signal 
to processor 34. Load cell 28 might also comprise, 

75 for example, a calibration module 29 such as a 
Compu-M calibration module manufactured by Mill- 
tronics. This calibration module is operable to con- 
trol the operation of load cell 28 and to control the 
calibration and initialization of load cell 28. The 

20 addition of the calibration module allows the load 
cell 28 to zero itself and average out and allow for 
variEinces in the weight of conveyor belt 22 to 
arrive at an average tare weight acting upon load 
cell 28- 

25 Processor 34 is coupled to a printer 36, a 

display 38 and a keypad 40. Processor 34 may 
comprise, for example, a microprocessor-based 
control system such as tiie SY/MAX system manu- 
factured by Square D Corporation. The processor 

30 34 may comprise a plurality of output modules, 
input modules mounted on an I/O rack assembly. 
Processor 34 may further include a real time clock 
such that rates of application and material usage 
may be calculated. Furtiier, printer 36 may com- 

35 prise, for example, a forty column impact printer 
such as the SP-700 manufactured by Syntest Cor- 
poration. Display 38 and keypad 40 may comprise, 
for example, an integrated display and entry panel 
such as the 1 x 40 VIP system manufactured by 

40 Industrial Electronic Engineers, Inc. 

The amount of aggregate delivered by aggre- 
gate hopper 12 on conveyor belt 22 may be con- 
trolled by a shear gate 42. Shear gate 42 is coup- 
led to a gate control 44. Shear gate 42 contacts tiie 

45 aggregate as it is discharged from the aggregate 
hopper by conveyor belt 22 and establishes the 
vertical height of the aggregate material on con- 
veyor belt 22. Gate control 44 may use hydraulic, 
electrical or other known mechanical means to con- 
so trol the height of shear gate 42 relative to the 
conveyor belt 22. Gate control 44 may be con- 
trolled from manual controls 46. According to one 
embodiment of the present invention, an operator 
of system 10 has access to manual controls 46 as 

55 well as the display 38 and keypad 40 to control the 
operation of the system 10. Alternatively, the 
amount of aggregate may be controlled by varying 
the speed of conveyor belt 22 and maintaining a 
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constant cross-sectional area of material being con- 
veyed or using a combination of a shear gate and a 
variable speed conveyor belt 22. 

The mineral filler hopper 14 is discharged onto 
the conveyor belt 22 through an auger 48. An 
auger tachometer 50 senses the rotational speed of 
auger 48 and transmits a signal Indicative of the 
rotational speed of auger 48 to processor 34. The 
auger 48 is actuated by an auger drive train 52 
which may also be controlled from manual controls 
46. 

The combination of the aggregate and mineral 
filler are discharged from conveyor belt 22 into a 
mixer 24 which is actuated by a mixer drive train 
54. Mixer drive train 54 may also be controlled 
from manual controls 46 such that an operator of 
system 10 may vary the speed of mixer 24 during 
operation. 

Water from water tank 16 is discharged into 
mixer 24 after It is passed through a flow regulator 
56 and a flow meter 58. Row regulator 56 may be 
remotely controlled from manual controls 46. Flow 
meter 58 may comprise an insertion-style flow 
transmitter such as the model FP5800 flow trans- 
mitter manufactured by Omega. Flow meter 58 
transmits a signal associated with the amount of 
water flowing from water tank 16 into mixer 24 to 
processor 34. 

It should be understood that the use of the 
term "flow regulator" herein should be constmed 
broadly to include any methods by which a liquid 
flow might be controlled. For example, flow regula- 
tion might be accomplished through the use of 
conventional valves, variable displacement or vari- 
able speed pumps or other known methods. The 
choice of a particular system or device for flow 
regulation will depend on the requirements and 
capabilities of the system as a whole and the 
characteristics of the liquid flow being controlled. 

Similarly, emulsion tank 18 discharges bitu- 
minous emulsion into mixer 24 through a flow regu- 
lator 60 and a flow meter 62. Flow regulator 60 
may comprise a variable displacement or variable 
speed pump which may be remotely controlled 
from manual controls 46. Row meter 62 may com- 
prise, for example, a K-280 Altoflux compact mag- 
netic inductive flow meter manufactured by Krohne, 
Inc. According to an alternate embodiment of the 
present invention, flow regulator 60 may be omitted 
and the ratio of the amount of aggregate material to 
the amount of bituminous emulsion may be ad- 
justed by adjusting the amount of aggregate ma- 
terial using shear gate 42 and gate control 44 or by 
adjusting the speed of conveyor belt 22 as dis- 
cussed previously. 

Additive tank 20 discharges the additive into 
mixer 24 through a flow regulator 64 and a flow 
meter 66. Row regulator 64 may comprise a con- 



ventional valve or a variable speed or variable 
displacement pump which may be remotely con- 
trolled from manual controls 46 through a variety of 
known methods. Flow meter 66 may comprise, for 

5 example, either an insertion-style flow transmitter 
such as the model FP-5800, manufactured by 
Omega, used for flow regulator 56 or a Omega 
FTB-1000 or 1500 series oval gear positive dis- 
placement flow meter which might be more suited 

70 for the viscous nature of some additives. The mixer 
24 mixes the aggregate, mineral filler, water, bitu- 
minous emulsion and additive and discharges the 
resulting bituminous slurry mixture into a spreader 
box 68 which applies it evenly on the surface to be 

15 paved as the system 10 proceeds forward. 

A refill path 70 is shown in FIGURE 1 coupled 
to aggregate hopper 12, mineral filler hopper 14. 
water tank 16. emulsion tank 18 and additive tank 
20. It should be understood that refill path 70 may 

20 comprise a different nnechanical structure for each 
of these separate storage facilities within system 
10. For example, refill paths 70 may comprise a 
system of hoses and pumps coupled to water tank 
16, emulsion tank 18 and additive tank 20 to refill 

25 these tanks. Further, refill patii 70 may comprise a 
separate conveyor belt for conveying aggregate 
from a nurse truck [not shown] into aggregate 
hopper 12 within system 10. Similarly, refill patii 70 
may comprise a separate system to refill mineral 

30 filler hopper 14. 

System 10 is a mobile system situated on a 
suitable carrier chassis, having a drive ti^ain 72. 
Drive train 72 has a ground speed sensor 74 coup- 
led thereto. The ground speed sensor 74 transmits 

35 a signal indicative of the ground speed of the 
vehicle to processor 34. Alternatively, ground 
speed sensor 74 may comprise a variety of other 
devices such as sensors directly coupled to the 
wheels of tiie vehicle, radar devices or sensor 

40 wheels directly contacting tiie surface to be paved 
as it passes below the vehicle during the paving 
operation. Additionally, tiie speed of the vehicle 
may be remotely controlled from the manual con- 
trols 46 by coupling the drive ti^ain 72 to tfie 

45 manual controls 46 using known methods. 

In operation, the processor 34 receives con- 
tinuous inputs from the load cell 28. the speed 
sensor 32, the ground speed sensor 74, the auger 
tachometer 50. and flow meters 58, 62 and 66. 

50 Further, prior to operation of system 10, several 
values may be programmed into processor 34. For 
example, the bituminous emulsion weight, the ad- 
ditive weight, the mineral filler weight and the ag- 
gregate weight may be entered as weight per vol- 

55 ume units into processor 34 tiirough keypad 40. 
Furtiier, the aggregate moisture content may be 
entered as a percentage such that this percentage 
may be subtracted from tiie aggregate weight to 
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determine a dry aggregate weight The spreader 
box width can be entered as a unit of width. The 
processor 34 may be configured to accept these 
programmable inputs In either metric units or in 
English units. The processor 34 receives the con- 
tinuous Inputs from the aforementioned sensors 
throughout system 10 and the programmed inputs 
described previously and selectively displays in- 
formation concerning the operation of system 10 
and the characteristics of the paving material out- 
put by system 10. Traditionally, the amount of 
bituminous emulsion, water, mineral filler and ad- 
ditive in the bituminous slunry material may be 
described as a percentage of the dry material 
weight where the dry material weight is defined for 
the present embodiment as the combined weight of 
the mineral filler and dry aggregate. Accordingly, 
the processor 34 uses the aforementioned informa- 
tion and may selectively output the emulsion per- 
centage of dry material, the water percentage of 
dry material, the additive percentage of dry ma- 
terial or the mineral filler percentage of dry ma- 
terial. Further, the processor 34 calculates and col- 
lectively displays an application rate in unit weight 
per unit area such as pounds per square yard or 
kilograms per square meter. In addition, the pro- 
cessor 34 stores and continuously updates totals 
for the amounts of materials which have been used 
by system 10. For example, the processor 34 can 
selectively display the total weight of dry aggre- 
gate, bituminous emulsion, additive, mineral filler or 
water used from a selected point in time. Further, 
the processor 34 keeps track of and can display 
the total mixed weight used from a particular point 
in time. Additionally, the processor 34 keeps track 
of the total distance travelled by the vehicle canry- 
ing system 10 from a particular point of time. 

To enter the initial values into the processor 
34, the operator presses an appropriate touch pan- 
el key and the existing value of the programmable 
input is displayed. The operator then presses a 
"Change Display Value" key and the display will 
change to read, for example, "Enter the new value 
as pounds per gallon" or other prompts as deemed 
necessary. The operator may then make the proper 
entry using a row of numeric keys. When he is 
finished entering the value, the operator may press 
an "Enter Value" key and the new value is stored 
in processor 34. The alteration of values may be 
protected by a user code or a key switch. Addition- 
ally, before new values may be entered, the printer 
36 may be programmed to automatically print the 
previously stored values. It should be understood 
that the operational Interface described above is 
merely one embodiment presented for purposes of 
teaching the present invention and a variety of 
other interfaces could be used without departing 
from the scope and spirit of the present invention. 



During operation of the system, the display 38 
may be programmed to constantly show the ap- 
plication rate of the material based on dry material 
weight, spreader box width and the ground speed 
5 of the vehicle. This value may be programmed to 
be upgraded at predetermined time intervals such 
as, for example, every three minutes based on the 
previous three minutes material usage and ground 
speed. 

10 The operator may press a "Rotate Display" 
key on keypad 40 and the display 38 will rotate 
through the values for emulsion percentage, the 
water percentage, the additive percentage and min- 
eral filler percentage with a predetenmined display 

75 time for each value such as five seconds per value. 
After the completion of one revolution through 
these four values, the display 38 may be pro- 
grammed to revert back to a display of the applica- 
tion rate. 

20 A "Select Display" key on keypad 40 may be 
used to instruct processor 34 and the display 38 to 
display the values listed below for as long as 
desired. The display 38 will change to the next 
item in the list below every time the "Select Dis- 

25 play" key is pressed. The "Rotate Display" key 
described above may be pressed at any time to 
intenoipt the "Select Display" sequence and return 
to the nomnal display of the "application rate". The 
following is a list illustrating one possible ordering 

30 of the values to be displayed by the system of the 
present invention. 

1 . Emulsion = xx % of dry material 

2. Water = xx % of dry material 

3. Additive = xx % of dry material 

35 4. Mineral filler = xx % of dry material 

5. xxxx lbs. dry aggregate total 

6. xxxx lbs. emulsion total 

7. xxxx lbs. additive total 

8. xxxx lbs. mineral filler total 
40 9. xxxx lbs. water total 

10. xxxx lbs. mixed weight total 

1 1 . xxxx distance travelled total 

TTie value shown in 1 through 4 above are 
continuously updated after a predetennined period 

45 of time, for example, every three minutes. The 
value shown in 5 through 11 are totals which are 
also updated, for example, every three minutes and 
which may be reset only through special access. 
All tiie values shown above can additionally be 

50 output to the printer 36. Printer 36 will print on 
demand and may be programmed to start each 
printing cycle with a date and time block. The 
processor 34 may be programmed such that at the 
end of the day or at the end of a job the totals can 

55 be reset to zero only by the use of a special 
access code or key and only after receiving a 
printed copy of the totals for the day or for the job. 
Accordingly, an operator of the bituminous slur- 
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ry system of the present invention has access 
through processor 34. display 38 and keypad 40 to 
numeric values for all the constituent ingredients of 
the paving material being manufactured by the 
system 10. Further, the operator may have access 
to manual controls 46 to alter the rate of use of 
some or ail of the ingredients. In addition, the 
operator has access through manual controls 46 to 
the vehicle drive train 72 to Increase the ground 
speed of the vehicle and thus alter the application 
rate. The system of the present invention provides 
for the alteration and the monitoring of the quality 
of the bituminous slurry product manufactured by 
system 10 during its application. In comparison, 
present systems rely on calibration techniques and 
have no method, other than visual inspection of the 
paving material, to monitor the quality of the paving 
material manufactured as the paving process pro- 
ceeds. The use of flow meters 58. 62 and 66, 
auger tachometer 50 and load cell 28 allow for the 
continuous monitoring of the materials used during 
the actual operation of system 10. Accordingly, 
aggregate hopper 12. mineral filler hopper 14, wa- 
ter tank 16, emulsion tank 18 and additive tank 20 
may be refilled during the operation through refill 
path 70 allowing for continuous operation of system 
10. Continuation operation is possible as no begin- 
ning and ending weights are required for the cali- 
bration of the system 10 because of the continuous 
monitoring by processor 34. 

An additional programmable input which may 
be input into processor 34 prior to the operation of 
system 10 is a calibration value for mineral filler 
auger 48. According to one embodiment of the 
present invention, the amount of mineral filler dis- 
charged onto conveyor belt 22 may comprise a 
value which is not directly measured by a load cell 
or flow meter in system 10. Because of the consis- 
tency of the mineral filler stored in mineral filler 
hopper 14. the use of auger tachometer 50 to 
measure the revolutions of auger 48 is sufficiently 
accurate to measure the amount of mineral filler 
being used during the operation of system 10. 
Accordingly, prior to the operation of system 10. a 
value corresponding to the amount of mineral filler 
discharged by auger 48 per revolution of auger 48 
may be input into processor 34. 

It should also be noted that, according to the 
embodiment shown in FIGURE 1. the load cell 28 
and the idler 26 are actually placed downstream 
from the introduction of the mineral filler from au- 
ger 48 onto conveyor belt 22. This results in the 
load cell 28 actually measuring the combined 
weight of the aggregate discharged from aggregate 
hopper 12 and the mineral filler discharged from 
mineral filler 14, Accordingly, the signal input from 
load cell 28 into processor 34 comprises a com- 
bined weight of mineral filler and aggregate. The 



processor 34 can then subtract the amount of min- 
eral filler and the aggregate moisture percentage 
from this total weight to find the weight of the dry 
aggregate being used. Processor 34 can be pro- 

5 grammed to perfomn this calculation according to 
known methods. The placement of the discharge of 
auger 48 upstream from the load cell 28 and Idler 
26 is merely a design choice based on the conve- 
nient placement of the constituent components 

10 when they are mounted on the vehicle carrying 
system 10. 

FIGURES 2a and 2b comprise side and top 
views respectfully of one embodiment of system 10 
as it would appear mounted on a vehicle, indicated 

75 generally at 76. in FIGURE 2a. The vehicle 76 
illustrated in FIGURES 2a and 2b Is used to trans- 
port system 10 to the job site by conventional 
highway travel and proceeds at a speed on the 
order of one-half to three miles per hour as the 

20 bituminous slunry manufactured by system 10 is 
applied behind the vehicle 76. Vehicle 76 is dis- 
closed solely for the purposes of teaching the 
exemplary embodiment shown in RGURES 2a and 
2b and should not be construed to limit the scope 

25 of the present invention to any particular vehicle. 
The vehicle illustrated In FIGURES 2a and 2b may 
comprise, for example, a 300 horsepower engine 
having a 36.000 lb. front tandem rating and a 
40,000 lb. rear tandem rating. Vehicle 76 may 

30 further comprise a power shift transmission having 
five forward speeds and two reverse speeds. The 
vehicle 76 might also comprise a two speed rear 
axle having gear ratios on the order of 5.57:1 and 
7.60:1. Vehicle 76 may comprise a oneHiian cab 

35 and eight wheels having super single tires. Vehicle 
76 may further comprise rear tandem axle set 
drives and may have front axle steering. 

Referring to FIGURES 2a and 2b. the place- 
ment of many of the components of system 10 

40 shown in FIGURE 1 can be seen as they are 
mounted on vehicle 76. A rear storage area, in- 
dicated generally at 78, comprises water tank 16, 
aggregate hopper 12 and emulsion tank 18. Mineral 
filler hopper 14 is disposed rearwardly of water 

45 tank 16. Mineral filler auger 48 can be seen in 
FIGURE 2b running the width of mineral filler ho|> 
per 14. 

Conveyor belt 22 is shown in FIGURE 2a to 
comprise drive wheel 30, speed sensor 32 and 

50 idlers 23. In operation, conveyor 22 conveys ag- 
gregate from aggregate hopper 12 beneath shear 
gate 42 and discharges the aggregate into the 
mixer 24. The load cell 28 is placed above idler 26 
downstream on conveyor belt 22 from shear gate 

55 42. Mixer 24 is shown in FIGURE 2b to comprise 
dual rotating paddle assemblies 80a and 80b. Dur- 
ing the operation of mixer 24. the combination of 
the mineral filler from mineral filler hopper 14 and 
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the aggregate from aggregate hopper 12 are dis- 
charged by conveyor 22 into mixer 24. A combina- 
tion of the water and additive is sprayed using a 
spray bar [not shown] over this mixture as it enters 
mixer 24. The emulsion is pumped from emulsion 
tank 18 Into mixer 24 and the dual rotating paddle 
assemblies 80a and 80b complete the mixing of 
the emulsion and the wetted mixture of aggregate 
and mineral filler. The mixed bituminous slunry is 
then discharged Into spreader box 68 through a 
chute 82 which can be seen in FIGURE 2a. 

An important technical advantage of the 
present invention inheres in the fact that the oper- 
ator of the Invention is positioned next to mixer 24 
at the rear of vehicle 76. From this position, the 
operator has access to keypad 40 and display 38 
and can visually inspect the paving material as it is 
discharged from chute 82 into spreader box 68. 
Further, the operator has access to manual controls 
from tills point which can control the ground speed 
of vehicle 76 and the amount of emulsion, water 
and additive discharged into mixer 24. Furtiier. tiie 
operator may open or close shear gate 42 from this 
point to increase or decrease the amount of ag- 
gregate being fed in mixer 24. Additionally, the 
operator may regulate the amount of mineral filler 
fed Into mixer 24 by regulating auger drive 52. In 
this manner, using the information displayed to the 
operator as to the application rate or relative ratios 
of the components of tiie bituminous slunry dis- 
played using display 38 and keypad 40, the oper- 
ator can constantly maint^n the desired consis- 
tency and quality of paving material being depos- 
ited by system 10 behind vehicle 76. 

A furtiier technical advantage of tiie system of 
the present invention inheres in the fact that the 
system is readily adapted to become a continuous 
operation system as was described with reference 
to refill path 70 in FIGURE 1. One possible em- 
bodiment of refill patii 70 is shown in RGURE 2a 
and 2b. At tiie front of tiie vehicle 76. a hitch 84 
which may comprise, for example, a Layton hitch, 
is placed so tiiat a nurse truck [not shown] can be 
removably coupled to tiie front of vehicle 76. The 
nurse truck may canry a plurality of tanks storing 
emulsion and water which can be pumped into 
emulsion tank 18 and water tank 16 while the nurse 
truck is coupled to the hitch 84. The nurse truck 
may also comprise a hopper containing aggregate 
and a loading conveyor to refill aggregate hopper 
12. The aggregate in the nurse truck is conveyed 
into a hopper 86 shown in FIGURE 2a and 2b. The 
hopper 86 contains a distribution auger 88 running 
across its width. As the aggregate Is loaded from 
tiie nurse truck into hopper 86. the distribution 
auger 88 channels the aggregate hopper 86 to a 
loading conveyor 90 which conveys tiie aggregate 
from tiie refill hopper 86 into the main aggregate 



hopper 12. Loading conveyor 90 is driven by a 
drive wheel 92. 

Accordingly, the aggregate, bituminous emul- 
sion and water may be refilled from a nurse truck 

5 using suitable methods during the operation of tiie 
system 10 while the vehicle 76 is proceeding for- 
ward through tiie use of the hitch 84 and tiie refill 
system 70. The mineral filler and additive may be 
refilled by hand or using other suitable metiiods 

10 during operation of system 10. 

Hopper 86 Is removable and hitch 84 Is op- 
erable to rotate around a pivot 85. In this manner, 
vehicle 76 Is able to travel as a conventional high- 
way vehicle. An important technical advantage of 

75 the system of tiie present invention is its ability to 
be transported to the job site witiiout the use of a 
hauling vehicle or low-boy trailer common with 
some present systems. Vehicle 76 is capable of 
conventional highway travel as well as performing 

20 its function during the application of paving material 
manufactured by system 10. 

An important consideration in the construction 
and operation of system 10 is the accuracy of load 
cell 28 in the measurement of the dry material 

25 being conveyed on conveyor belt 22. Traditionally, 
as discussed previously, all of the components of 
the paving material mixture are measured as a ratio 
to the weight of the dry material In the mixture. 
Accordingly, any error in the measurement of the 

30 dry material will be included in all measurements 
calculated by processor 34. 

As vehicle 76 proceeds during tiie operation of 
system 10. the vehicle may encounter road con- 
ditions which may cause the frame of the vehicle 

35 76 to twist or deform in other ways. These forces 
on the frame must be prevented from affecting the 
idler bar 26 or tiie assembly holding load cell 28. 
The forces acting upon the frame of vehicle 76 
could cause erroneous readings in load cell 28 if 

40 the frame of conveyor belt 22 were to twist along 
witii the frame of vehicle 76. Accordingly, a scale 
housing 96, which is shown in greater detail in 
Rgure 3, is constructed around load cell 28 to 
prevent fences from acting upon conveyor belt 22 

45 proximate idler 26 and load cell 28. Further, tiie 
area of the frame of conveyor belt 22 near idler 26 
may be stiffened so tiiat the frame will twist to 
match road conditions in other areas but not near 
scale housing 96. 

50 The vehicle 76 has been chosen because of 
the configuration of its frame helps to prevent en'o- 
neous measurements by load cell 28. Other ve- 
hicles not having the characteristics of vehicle 76 
may be used in conjunction witii system 10 as long 

55 as appropriate precautions are taken to protect load 
cell 28 from the error-causing influences discussed 
above. For example, conveyor belt 22 may be 
mounted to tiie frame of a vehicle on pivots or 
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springs to prevent the twisting of the frame to 
affect load cell 28. Further, the frame of conveyor 
belt 22 could be completely isolated from the 
frame of the vehicle by suspending the frame of 
conveyor belt 22 from aggregate hopper 12. Fur- 5 
Iher, a variety of combinations of stiffening agents 
in the area of the frame of conveyor belt 22 proxi- 
mate the load cell 28 and methods of isolation 
such as pivots or spring mounts could be con- 
structed depending upon the configuration of a io 
particular vehicle. The presentation of the vehicle 
76 and the methods used to isolate load cell 28 
from vehicle 76 should not be construed to limit the 
scope of the present invention to this or any par- 
ticular embodiment. 75 

FIGURE 3 is a cross-sectional diagram which 
illustrates the construction of scales housing 96 
and the positioning of load cell 28, Referring to 
FIGURE 3, scale housing 96 can be seen rigidly 
affixed to conveyor frame 98. The idler bar 26 is 20 
disposed beneath the conveyor belt 22 which is 
shown conveying an exemplary amount of aggre- 
gate Indicated at 102. Idler bar 26 is suspended by 
a translation member 100 which communicates the 
weight passing over idler bar 26 to load cell 28. 25 
Load cell 28 is mounted on a cross bar 104 rigidly 
affixed across housing 96. 

In summary, a system for manufacturing and 
depositing paving material has been disclosed 
which comprises a processor 34 operable to moni- 30 
tor the amounts of the components of the paving 
material during the paving process. An important 
technical advantage of the system of the present 
invention inheres in the fact that an operator of the 
present invention does not need to rely on visual 35 
inspection of the paving material during its produc- 
tion to gain information on the quality of the paving 
material being produced. According to one emtwdi- 
ment of the present invention, the operator has 
access to a display 38 which can inform the oper- 40 
ator at any time the application rate of the paving 
material, the ratio of any component of the paving 
material to the dry material within the paving ma- 
terial, or totals of any of the components used from 
a preselected point in time. In this manner, the 45 
quality of the paving material manufactured by the 
system of the present Invention can be constantly 
monitored without the use of the inaccurate calibra- 
tion techniques common in presently used sys- 
tems, 50 

An additional important technical advantage of 
the present invention inheres in the fact that the 
present invention Is adaptable to become a con- 
tinuous operation system through the addition of a 
refill path 70. In summary, a nurse truck may be 55 
removably coupled to the front of the vehicle carry- 
ing the system and the ingredients of the paving 
material can be loaded into the appropriate places 



within system 10 from the nurse truck. In this 
manner, system 10 can continuously operate with- 
out having to stop to reload materials. Because of 
the ability of the system of the present invention to 
continuously monitor the production of the paving 
material, the refilling of the components will not 
affect the characteristics or quality of the paving 
material manufactured by system 10. 

A further important technical advantage of the 
system of the present invention is that it is adapt- 
able to be mounted on a vehicle 76 which Is 
capable of highway travel. Accordingly, the system 
10 can be transported to a job site without the 
necessity of a hauling vehicle and trailer common 
with present continuous operation systems and 
some batch operation systems. 

Although the present invention has been de- 
scribed in detail, it should be understood that var- 
ious changes, substitutions and alterations can be 
made hereto without departing from the spirit and 
scope of the invention as defined by the appended 
claims. 

Claims 

1. A mobile system disposed on and transport- 
able by a vehicle comprising a frame, the 
system operable to produce and apply paving 
surface material to a surface while the system 
and the vehicle proceed over the surface, the 
paving surface material comprising a plurality 
of ingredients comprising aggregate, the sys- 
tem comprising: 

a conveyor for conveying the aggregate: 
a scale associated with said conveyor and 
operable to generate an aggregate signal indi- 
cative of the weight of aggregate material be- 
ing conveyed; and 

means for preventing distortions of the 
frame of the vehicle from substantially affect- 
ing the generation of said aggregate signal by 
said scale. 

2- The system of Claim 1 and further comprising: 
an aggregate hopper for storing tiie ag- 
gregate: and 

a mixer for mixing tiie aggregate with the 
remaining ingredients to produce tiie paving 
surface material. 

3. The system of Claim 2 wherein tiie vehicle is 
capable of independent highway travel such 
that tiie system may be transported to a job 
site by tiie vehicle. 

4. The system of Claim 2 and further comprising: 

aggregate refill means for refilling said ag- 
gregate hopper during tiie operation of the 
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system such that the system is capable of 
continuous operation. 



a water tank operable to hold the water; 

means for conveying water from said water 
tank to said mixer; 

water measurement means for measuring 
the amount of water being conveyed to said 
mixer, said water measurement means coupled 
to said processor system and operable to 
transmit a water quantity signal to said proces- 
sor system indicative of the amount of water 
being conveyed to said mixer; and 

said processor system operable to receive 
said water quantity signal and to calculate a 
water value indicative of the amount of water 
being conveyed to the mixer, said display sys- 



mixer; 

bituminous emulsion measurement means 
for measuring the amount of bituminous emul- 
sion being conveyed to said mixer, said bitu- 
minous emulsion measurement means coupled 
to said processor system and operable to 
transmit a bituminous emulsion signal to said 
processor system indicative of the amount of 
bituminous emulsion being conveyed to said 
mixer; and 

said processor system operable to receive 
said bituminous emulsion signal and to cal- 
culate a bituminous enmilsion value indicative 
of the amount of bituminous emulsion being 
conveyed to the mixer, said display system 
operable to display said bituminous emulsion 
value. 

9. The system of Claim 5 wherein tiie ingredients 
comprise a chemical additive and further com- 
prising: 

an addrtive tank operable to hold the ad- 
ditive; 

means for conveying additive from said 
additive tank to said mixer; 

additive measurement means for measur- 
ing the amount of additive being conveyed to 
said mixer, said additive measurement means 
coupled to said processor system and op- 
erable to transmit an additive signal to said 
processor system indicative of the amount of 
additive being conveyed to said mixer; and 

said processor system operable to receive 
said additive signal and to calculate an additive 
value indicative of the amount of additive being 
conveyed to tiie mixer, said display system 
operable to display said additive value. 

10. The system of Claim 5 and furtiier comprising: 
40 distance measurement means coupled to 

the vehicle and operable to generate a dis- 
tance signal indicative of the distance travelled 
by the vehicle; and 

said processor system operable to cal- 
45 culate an application rate from information 

comprising the distance travelled by tiie ve- 
hicle and tiie amount of dry material being 
conveyed to said mixer. 

11- A method of applying a surface of paving 
surface material having ingredients comprising 
aggregate, comprising tiie steps of: 

transporting the ingredients of the paving 
surface material on a vehicle; 

mixing the ingredients to form paving sur- 
face material in a mixer disposed on the ve- 
hicle; 

weighing on the vehicle tiie amount of 



tern operable to display said water value. so 

8. The system of Claim 5 wherein the ingredients 
comprise bituminous emulsion and further 
comprising: 

a bituminous emulsion tank operable to 55 
hold the bituminous emulsion; 

means for conveying bituminous emulsion 
from said bituminous emulsion tank to said 



5. The system of Claim 2 and furtiier comprising: 

a processor system coupled to said scale s 
and operable to receive said aggregate signal 
from said scale; and 

a display system coupled to said proces- 
sor system and operable to display values and 
characters generated by said processor sys- io 
tem. 

6. The system of Claim 5 wherein the ingredients 
comprise mineral filler and furtiier comprising: 

a mineral filler hopper operable to hold the is 
mineral filler; 

means for conveying mineral filler from 
said mineral filler hopper to said mixer; 

mineral filler measurement means for mea- 
suring tiie amount of mineral filler being con- 20 
veyed to said mixer, said mineral filler mea- 
surement means coupled to said processor 
system and operable to transmit a mineral filler 
signal to said processor system Indicative of 
the amount of mineral filler being conveyed to 25 
said mixer; and 

said processor system operable to receive 
said mineral filler signal and to calculate a 
mineral filler value indicative of the amount of 
tiie mineral filler being conveyed to the mixer, 30 
said display system operable to display said 
mineral filler value. 

7. The system of Claim 5 wherein the ingredients 
further comprise water and furtiier comprising: 35 
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aggregate being conveyed to the mixer; 

preventing the movement of the vehicle 
resulting from said step of transporting from 
substantially affecting said step of weighing; 
and 

distributing the paving surface material 
from the vehicle to form the surface. 

12. The method of Claim 11 and further compris- 
ing the steps of: 

displaying on a display system the amount 
of aggregate l)eing conveyed to the mixer re- 
sponsive to said step of weighing; and 

adjusting the amount of aggregate being 
conveyed to the mixer responsive to said step 
of displaying to adjust the consistency of the 
paving surface material. 



adjusting the amount of chemical additive 
being used in the mixer responsive to said 
step of displaying to adjust the consistency of 
the paving surface material. 

5 

17, The method of Claim 11 wherein the ingre- 
dients comprise water and further comprising 
the steps of: 

monitoring the amount of water being used 
10 in the mixer 

displaying on a display system the amount 
of water being used In the mixer responsive to 
said step of monitoring; and 

adjusting the amount of water being used 
75 in the mixer responsive to said step of display- 

ing to adjust the consistency of the paving 
surface material. 



13. The method of Claim 11 wherein said step of 
transporting comprises the steps of: 

transporting the ingredients of the pav- 
ing surface material to a job site using the 
vehicle where the vehicle is capable of in- 
dependent highway travel; and 

transporting the ingredients of the paving 
surface material using the vehicle during said 
step of distributing the paving surface material. 

14. The method of claim 11 and further comprising 
the steps of: 

monitoring the distance the vehicle has 
traveled as the paving surface material is ap- 
plied; and 

calculating an application rate of the pav- 
ing surface material using the distance the 
vehicle has traveled. 



ia The method of Claim 11 wherein the ingre- 
20 dients comprise mineral filler and further com- 
prising the steps of: 

monitoring the amount of mineral filler be- 
ing used in the mixer; 

displaying on a display system the amount 
25 of mineral filler being used in the mixer re- 

sponsive to said step of monitoring; and 

adjusting the amount of mineral filler being 
used in the mixer responsive to said step of 
displaying to adjust the consistency of the 
30 paving surface material. 



35 



15- The method of Claim 11 wherein the ingre- 
dients comprise bituminous emulsion and fur- 
ther comprising the steps of: 40 

monitoring the amount of bituminous emul- 
sion being used in the mixer; 

displaying on a display system the amount 
of bituminous emulsion being used in the mix- 
er responsive to said step of monitoring; and 45 

adjusting the amount of bituminous emul- 
sion being used in the mixer responsive to 
said step of displaying to adjust the consis- 
tency of the paving surface material. 

50 

16- The method of Claim 11 wherein the ingre- 
dients comprise a chemical additive and fur- 
ther comprising the steps of: 

monitoring the amount of chemical additive 
being used in the mixer; 55 

displaying on a display system the amount 
of chemical additive being used in the mixer 
responsive to said step of monitoring; and 
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